Growth of mossy lithium before Sand's time Figure S1 . Visualization of the root-growth mechanism of mossy lithium before Sand's time.
While the deposits continuously thicken themselves globally, the (a) displacement and (b) rotation of the tips reveal that major proliferations occur at locations behind the tips, which is a stark difference from existing models of transport-limited growth occurring only at the tips.
Calculation of the current densities
Since the Sand's time and the instability occurred on the surface of the electrode are all determined by the depletion of the electrolyte, the current density in Sand's formula should be the flux density through the cross-section of the capillary, not the local current density on the electrode, so we measured the inner diameter of the capillary to determine the area (Fig. S2) , based on which current density is calculated. Figure S2 . Example of the diameter measurement. J tip =2.61 mA cm -2 The three kinds of current densities all produce similar scaling for each concentration. In this paper, we only use the one at the initial position of the electrode, i.e. J tip , for all analyses.
Experimental Observation of Electro-osmotic Flow
While electro-osmotic (EO) flow is not significant in practical batteries using dense porous separators, the analysis presented here confirm that EO convection is the primary reason for the observed deviation from the theoretical scaling of Sand's time with current. Thanks to the small lithium debris produced during cell assembly, we are able to observe the fluid velocity in various locations of the capillary to obtain a rough estimation of the Peclet number, which measures the importance of convection relative to diffusion. Figure S3 . Estimation of the local fluid velocity from floating lithium debris in the capillaries.
Also see movies S3-S5. For the above three experiments that most clearly show convection, the Peclet numbers based on direct observations of the fluid velocity are calculated in Table S2 . Values larger than one indicate significant convection, which is neglected in the classical derivation of Sand's time.
Effects of Electro-osmotic Convection on the Apparent Diffusivity
Naively, convection would be expected to enhance mass transfer and thus increase Sand's time compared to pure diffusion, but the coupled problem of EO flow and concentration polarization is very complicated, even in steady state, and has never been analyzed under transient conditions.
It is also possible that convective mixing will lower the local "bulk" concentration outside the diffusion layer, thus decreasing Sand's time, and increasing the apparent diffusivity from Sand's formula, as observed in our experiments discussed in the main text. Here, we briefly attempt to estimate the effect of EO convection on the apparent diffusivity from Sand's formula, just to
show that this is a plausible explanation of the data, in light of the observed flows and Peclet numbers larger than one shown above. to hydrodynamic dispersion resulting from EO flow in the capillary. This is also consistent with our direct observations of the flow.
An important observation is that the data collapse extrapolates to an apparent diffusivity at zero current that is consistent with literature values for this electrolyte. This means that the results of our capillary experiments, which show noticeable effects of convection at high currents, also have relevance for practical batteries, where EO flow may be negligible. As shown in the main text, the main difference with a theory based purely on diffusion is that the experimentally observed scaling with current is different in the capillary cell. The sandwich cell results (also without significant convection) further confirm the validity of the predicted mechanisms of lithium growth determined by direct visualization in the capillary cell.
Blockage versus penetration of lithium deposits in sandwich cells Derivation of the scaling function f(J) for the dilute binary electrolyte Methods of solving diffusion equations can be found in many text books on transport phenomena.
Here, we provide an example of derivation to get the scaling function f(J).
In a dilute binary electrolyte, the single salt dissociates into equal numbers of anions and cations, i.e. c a =c c =c, with the charge numbers z c =−z a =1. Neglecting the convection, the evolution of the concentrations in a one-dimensional system can be modeled by the following set of equations 21 ,
where D i and μ i are diffusion coefficient and mobility of either the anions or the cations, ϕ is the potential applied to the system to maintain the required current density. Elimination of the potential terms yields an effective diffusion equation 21 
By using the Nernst-Einstein relation, D i = RTμ i , we can rewrite the effective diffusivity D app and the transference number as,
so that D app =2D c t a =2D a t c . Figure S6 . Concentration evolution in the diffusion layer near the surface of the electrode.
We are interested in the concentration evolution near the surface of the electrode when an overlimiting current is applied. From the fact that the current at the boundary (x=L/2) is contributed solely by the electrodeposition of cations, we have the flux of anions as 
